SHIMADA et al 
Appl. No. 10/771,263 
Atty. Ret: 829-620 
Amendment 
April 22, 2011 

REMARKS 

Reconsideration is requested. 

Page 1 of the Office Action of October 22, 2010 and the PTO IFW identify the 
Office Action of October 22, 2010 as a non-final rejection. Pages 13 and 14 of the 
Office Action identify the Office Action as a final Office Action. The undersigned has left 
a telephone message for the Examiner on April 22, 201 1 requesting confirmation that 
the Office Action of October 22, 2010 is a non-final Office Action. The Examiner is 
requested to contact the undersigned, preferably by telephone, in the event anything 
further is required in this regard. 

The undersigned acknowledges, with appreciation, the teleconferences of April 
13 and 14, 201 1 with the Examiner. The Examiner suggested that the pending patent 
claims be listed as shown above, with the indicated status identifier. The Examiner 
confirmed for the undersigned on April 14, 201 1 that rejection of the claims based on 
alleged deficiencies in the Reissue Declaration is obviated by the Reissue Declaration 
filed June 14, 2005. The rejection stated on page 4 of the Office Action dated October 
22, 2010 makes reference to the originally filed Reissue Declaration (i.e., filed June 28, 
2004). The Examiner is understood to have now reviewed the later filed Declaration 
and found it to be acceptable. Confirmation of same in the Examiner's next action, or 
clarification of any outstanding objection in this regard, is requested. 

The applicants understand that once a Reissue Declaration is filed stating an 
error as a basis of the reissue application, as well as the other required aspects of an 
original Reissue Declaration as detailed in 37 CFR 1 .175(a), the applicants may request 
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that submission of any required supplemental oat/declaration, such as is being required 
in §2. of page 4 of the Office Action dated October 22, 2010, be deferred until 
allowance. See MPEP § 1444. The applicants request deferral of the requirement to 
submit a supplemental oath/declaration. The applicants note the suggestion of MPEP § 
1444 (II) that the "reissue applicant wait until the case is in condition for allowance, and 
then submit a cumulative supplemental reissue oath/declaration pursuant to 37 CFR 
1 .175(b)(1 )." The Examiner is requested to contact the undersigned by telephone, 
pursuant to MPEP § 1444, once the case is in condition for allowance, at which time the 
applicants will prepare and subsequently file the required further Supplemental Reissue 
Declaration, such as is described in MPEP § 1414.01 and § 1444. 

The claims as presented in the Amendment of July 6, 2007 have been 
represented above in a format described in Rule 137(b)(2) and MPEP § 1453, in 
response to the objection to the Amendment stated in §3. of page 4 of the Office Action 
dated October 22, 2010. The amendments shown above have been made relative to 
the patent, as required by Rule 137(g). Support and basis for the amended claims is 
described in the Remarks of the Amendment filed July 6, 2007. The Examiner is 
requested to contact the undersigned, preferably by telephone, in the event anything 
further is required with regard to the format of the amended and/or originally granted 
claims. 

Claims 1-24 and 34-60 are pending. Claims 25-33 have been canceled, without 
prejudice. 
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The Examiner is requested to hold in abeyance the obviousness-type double 
patenting rejection of claims 1, 3, 14 and 16 over claims 1 and 16 of U.S. Patent 
6,097,452 until such time as allowable subject matter is indicated, at which time the 
applicants will consider further appropriate action. 

The following patents are cited in the Office Action of October 22, 2010, in 
various combinations, as basis the alleged obviousness of the claimed invention: 



D1 - 


U.S. 


Patent No. 5,585,951 (Noda), 


D2 - 


U.S. 


Patent No. 5,477,360 (Sunohara), 


D3- 


U.S. 


Patent No. 4,877,718 (Moore), 


D4 - 


U.S. 


Patent No. 4,460,667 (Landa), 


D5- 


U.S. 


Patent No. 5,331 ,344 (Miyagawa), 


D6- 


U.S. 


Patent No. 5,128,788 (Takatoh), 


D7- 


U.S. 


Patent No. 5,051 ,800 (Shoji), 


D8- 


U.S. 


Patent No. 5,359,441 (Mori), and 


D9- 


U.S. 


Patent No. 5,229,644 (Wakai) 



These references are referred to herein by the above-noted "document" or "D" 
numbers D1-D9. 

The Section 103 rejection of claims 1-5, 14-17 and 21, over D1, D2 and D3 is 
traversed. Reconsideration and withdrawal of the rejection are requested in view of the 
following distinguishing comments. 

The rejected claims 1-5, 14-17 and 21 require, among other things, a spectral 
transmission of the transparent colorless interlayer organic insulating film to have a 
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lower transmittance for blue light than for green and red light. Claims 1 -5, 1 4-1 7 and 21 
are originally granted claims. 

As explained during the prosecution of the parent patent, advantages of an 
intentionally lower transmittance for blue light as compared to green and red light, 
include the discovery by the applicants that the interlayer organic film can remain in a 
resin state to a certain extent such that the cured film may contain a non-reactive 
functional group that lowers transmittance around the blue light spectrum. See for 
example, page 30 of the specification or column 9, lines 46-61 of the issued U.S. Patent 
No. 6,433,851. 

Conventionally, many hours of light exposure are needed to react all of the 
functional groups of a photosensitive organic resin. Long exposure periods were 
believed necessary to increase the transmittance especially for blue light through the 
interlayer insulating film. However, the long conventional exposure period reduced the 
manufacturing productivity of the liquid crystal display device. Applicants realized that 
shorter exposure periods can be used for interlayer insulating films, provided that lower 
transmittance for blue light is acceptable. See for example, pages 55-60 and 73-75 of 
the specification (column 17, line 24 through column 19, line 15 and column 22, line 64 
through column 23, line 62 of the issued U.S. Patent No. 6,433,851). 

The presently claimed invention has, as an advantage, improving productivity of 
the liquid crystal display device by shortening the light exposing process of the 
interlayer insulating film. Because of the short exposure period, the transparent 
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interlayer organic insulating film has a lower transmission for blue light than that for 
green and red light. 

Even though the photosensitivity thereof may be slightly degraded for blue light, 
the visual effect of the display is not degraded because the visual sensitivity of the 
human eye to blue light is lower than for green and red. Applicants have appreciated 
that an interlayer insulating film with high transmittance for red and green light, and a 
lesser transmittance for blue light, would still yield a good display having an interlayer 
insulating film that appears to be transparent to the human eye. The claimed invention 
requiring this distinction would not have been obvious from the cited combination of art. 
One of ordinary skill would not have been motivated by the cited art to provide an 
interlayer insulating film of the claimed invention with reduced transmittance of blue light 
as compared to red and green light. 

The applicants therefore transformed a problem, i.e., poor blue transmittance, 
into an advantage. The applicants discovered that an interlayer insulating film having a 
relatively-poor blue transmittance is advantageous with respect to shorter production 
times. The applicants also discovered that poor blue transmittance is not visually 
perceptible in the presently claimed invention. These discoveries lead applicants to the 
display invention that is the subject of the pending claims. 

In allowing the claims which issued as claims 1 -24 of U.S. Patent No. 6,433,851 , 

Examiner Chowdhury stated as follows as the reasons for allowance: 

"None of the prior arts alone or in combination discloses the 
claimed transmission type liquid crystal display device 
wherein a transparent colorless interlayer organic insulating 
film formed from a cured organic polymer and having a 
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thickness which provides a reduced capacitance between 
the pixel electrode and the gate line or the source line, the 
thickness is determined by a light transmittance and a 
dielectric constant of the film and the transmittance of the 
transparent interlayer organic insulating film has a lower 
transmittance for blue light than for green and red light." See 
Notice of Allowability dated October 22, 2001 in Application 
No. 09/757,477. 

The applicants discovery, as defined in claims 1-24 of U.S. Patent No. 6,433,851 . 

would not have been obvious over the cited combination of art 

The present Examiner asserts that D1 teaches an acrylic resin 

"that is photosensitive having a dielectric constant of 3.0-3.5, 
are properties of an insulating layer which has a lower 
transmittance for blue light than for green and red light. 
Thus, wherein a spectral transmittance of the transparent 
interlayer organic insulating film has a lower transmittance 
for blue light than that for green and red light is met. (as 
explained in applicant's specification [0090] US 
2001002857)" See page 7 of the Office Action dated 
October 22, 2010. 

The Examiner relies on column 5, lines 50-55 and column 9, lines 60-67 of D1 for 
a teaching of "an photosensitive acrylic resin." See page 6 of the Office Action dated 
October 22, 2010. 

The cited passages of D1 describe the following: 

"...pixel electrodes by way of a contact hole through the 
planarization layer. The above connecting step includes the 
step of applying photolithography and etching to the 
planarization layer made from photosensitive resin for 
perforating the contact hole. 

The active-matrix liquid crystal display device of the ... 

... because it is exposed in high temperatures in the 
subsequent processes. To meet the above requirements, the 
planarization layer 1 1 is suitably selected from the specified 
organic materials and inorganic materials. As the organic 
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materials, for example, an acrylic resin or a polyimide resin 
may be used. Polyimide resin is excellent in heat resistance; 
but is slightly colored. On the contrary, acrylic resin is 
substantially colorless and transparent. These resins are 
each..." 

The Examiner admits in a separate art rejection (i.e., based on a combination of 

D1 , D4 and D5 as described below) that 

"Noda et al [D1] does not disclose a photosensitive resin 
having a dielectric constant of 3.4 to 3.8, and a spectral 
transmittance of the transparent interlayer organic insulating 
film has a lower transmittance for blue light than for green 
and red light." See page 8 of the Office Action date October 
22,2010. 

The acrylic resin of D1 is a colorless and transparent material. Column 9, lines 
53-55 of D1 cited by the Examiner describes that the "planarization layer 11" of D1 is 
"generally required to be colorless and transparent ". There is no teaching or suggestion 
in D1 that a layer corresponding to the insulating layer of the presently claimed 
invention could or should have a lower transmittance to blue light as compared to green 
and red light. There is to teaching or suggestion in D1 , or the other combined art, that 
an insulating layer of the claimed invention could be successfully used and that such an 
insulating layer would provide the advantages discovered by the applicants. 

One of ordinary skill will appreciate that blue light has a wavelength of about 475 
nm , while green and red light have wavelengths of about 510 nm and 650 nm, 
respectively. Moreover, one of ordinary skill will appreciate that any give acrylic resin 
will generally uniformly transmit light in the visible region. The following description from 
www.rplastics.com demonstrates the generally uniform transmittance of visible light 
through colorless PLEXIGLAS® (i.e., an acrylic resin): 



-18- 



1788439 



SHIMADA et al 
Appl. No. 10/771,263 
Atty. Ret: 829-620 
Amendment 
April 22, 2011 



Light Transmittance Values for Plexiglass 
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Light Transmittance Values for Plexiglass Page 2 of 2 
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The following graph from www.resne ltech.com further demonstrates similar 
properties of other acrylic resins: 
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The following information from Altuglas International (Arkema Group, Arkema 
Inc., 2000 Market Street, Philadelphia PA (www.altu glasint.com ) similarly demonstrates 
the generally recognized properties of transparent acrylic resins: 
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The Examiner relies on D2 for an alleged teaching of polyimide having a 
dielectric constant of a specific value. The Examiner relies on D3 for an alleged 
teaching that certain polyimides are photosensitive. See page 7 of the Office Action 
dated October 22, 2010. 

The Examiner's reliance on U[0090] of the applicants disclosure (i.e., the 

applicants description of their own disclosed invention in the U.S. Patent Office 

published version of the specification (US 2001/0002857 A1)) in rejecting the claimed 

invention is not appropriate. The cited passage of the applicants disclosure provides 

the following description: 

"[0090] The acrylic resin constituting the interlayer insulating 
film 38 has a dielectric constant of 3.4 to 3.8 which is lower 
than that of an inorganic film (e.g., the dielectric constant of 
silicon nitride is 8) and a high transparency. Also, since the 
spin coating is employed, a thickness as large as 3 .mu.m 
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can be easily obtained. This reduces the capacitances 
between the gate line 22 and the pixel electrode 21 and 
between the source lines 23 and the pixel electrodes 21, 
lowering the time constant. As a result, the influence of the 
capacitances between the lines 22 and 23 and the pixel 
electrode 21 appearing on the display, such as crosstalk, 
can be reduced, and thus a good and bright display can be 
obtained. " 

The invention of claims 1-5, 14-17 and 21 would not have been obvious in view 
of the description in the cited art of the use of a colorless and transparent planarization 
layer of D1 . 

Withdrawal of the Section 103 rejection of claims 1-5, 14-17 and 21 over the 
combination of D1 , D2 and D3 is requested. 

The Section 103 rejection of claims 1-5, 12-17, 21, 23, 24, over D1, D4 and D5 is 
traversed. Reconsideration and withdrawal of the rejection are requested in view of the 
above and the following further comments. 

As noted above, D1 fails to teach or suggest inclusion of an interlayer insulating 
film of the claimed invention. Moreover, the benefits of an interlayer insulating film of 
the claimed invention would not have been obvious or expected from the cited art. 

The Examiner relies on D4 for an alleged teaching that an acrylic resin has a 
dielectric constant of a specific value. The Examiner relies on D5 for an alleged 
teaching that certain a material containing an acrylate is photosensitive. See pages 8-9 
of the Office Action dated October 22, 2010. The cited secondary references (i.e., D4 
and D5) fail to cure the deficiencies of the primary reference (D1 ). The invention of 
claims 1-5, 12-17, 21, 23, 24, would not have been obvious in view of the cited 
combination of D1 , D4 and D5. 
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Clarification of the relevance of the Examiner's comments relating to claims 12 
and 23 on pages 9-10 of the Office Action dated October 22, 2010, is respectfully 
requested. The Examiner characterizes the claims 12 and 23 as a "product-by-process" 
claims and notes that "patentability of a product does not depend on its method of 
production." The Examiner is urged to appreciate however that claims 12 and 23 further 
define a property of the transparent interlayer organic insulating film in that it 
suppresses degradation by resist removing solution used to form the pixel electrode. 
The claims therefore further define the product of the claim from which they depend 
(i.e., claims 1 and 14, respectively). 

It is noted that the Examiner has asserted that D1 allegedly includes "an 
photosensitive acrylic resin ... insulating layer is etched" and "the transparent interlayer 
organic insulating film is cured". See pages 6, 8, 1 1 of the Office Action dated October 
22, 2010. 

The Examiner's comments regarding claims 13 and 24 on page 10 of the Office 

Action dated October 22, 2010 are noted. The Examiner has failed however to 

demonstrate that the 

"transparent insulating layer disclosed in Noda et al [i.e., D1] 
is made of the same material ... as the claimed transparent 
insulating layer." 

Rather, the applicants have demonstrated above and throughout the record that 
one of ordinary skill in the art would expect an acrylic resin of D1 to provide a relatively 
constant and uniform transmittance of visible light (i.e., including blue, green and red 
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light). The Examiner has not adequately supported the Examiner's conclusion that D1 
describes a 

"transparent insulating layer ... made of the same material 
... as the claimed transparent insulating layer." 

The cited combination of D1 , D4 and D5 would not have made the invention of 
claims 1 -5, 1 2-1 7, 21 , 23, 24 obvious. 

The Section 103 rejection of claims 6-11, 18-20 and 22 over D1, D4, D5 and D6 
is traversed. Reconsideration and withdrawal of the rejection are requested in view of 
the above and the following distinguishing remarks. 

Claims 6-1 1 are dependent from claim 1 and claims 18-20 and 22 are dependent 
from claim 14. Claims 1 and 14 are patentable over the combination of D1 , D4 and D5, 
for at least the reasons described above. The Examiner appreciates that dependent 
claims 6-11, 1 8-20 and 22 are patentable over the combination of D1 , D4 and D5, as 
same are not included in the above rejection based on same. The additional teachings 
of D6 fails to cure at least the deficiencies of the combination of D1 , D4 and D5 noted 
above. 

The Examiner relies on D6 for an alleged teaching of the use of a 

"positive type photosensitive resin including a copolymer 
glycidyl added for a thermally reactive function which has a 
reactive peak at a wavelength of 365 nm." See page 11 of 
the Office Action dated October 22, 2010. 

The additional disclosure of D6 fails to cure the deficiencies of the combination of 
D1, D4 and D5 and withdrawal of the Section 103 rejection of claims 6-11, 18-20 and 22 
over D1 , D4, D5 and D6 is requested. 
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The Section 103 rejection of claims 34, 35, 43, 44, 52 and 53 over D1, D2 and 
D3 is traversed. 

The rejected claims define a liquid crystal display device (claims 34, 35, 43 and 
44) requiring, among other things, a photosensitive resin having a dielectric constant of 
about 3.4-3.5; and a method of forming a liquid crystal display device requiring, among 
other things, providing a photo-imageable insulating layer having a dielectric constant in 
a range of from about 3.4 to about 3.8. 

D1 fails to describe a photosensitive resin having a dielectric constant of the 
claimed invention. As noted above, the Examiner relies on D1 for an alleged teaching 
of an acrylic resin or a polyimide resin "planarization layer" or "planarization film 1784". 
See page 6 of the Office Action dated October 22, 201 0. 

The Examiner is understood to rely on D2 to allegedly demonstrate that a 
polyimide having a dielectric constant of 3.5 exists and the Examiner is understood to 
rely on D3 to demonstrate that a polyimide can be photosensitive. 

The Examiner concludes from the combination of D1 , D2 and D3 that the 
dielectric constant of the acrylic resin of D1 is in the range of 3.0-3.5. See page 7 of the 
Office Action dated October 22, 2010. Clarification is requested however, in the event 
that rejection is maintained, as to how the polyimide descriptions of D2 and D3 could be 
used by the Examiner to demonstrate an alleged inherent property of an acrylic resin. 
The Examiner will appreciate that polyimides and acrylic resins are chemically distinct 
polymers, with distinct properties. In the event the rejections based on an alleged 
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inherent teaching of D1, based on D2 and D3, the Examiner is requested to clarify if the 
polyimide resin of D1 is being alleged to have a dielectric constant of 3.0-3.5. 

The disclosure of a polyimide with a dielectric constant of 3.5 in D2 does not 
necessarily demonstrate that the acrylic resin of D1 has a dielectric constant in the 
range of 3.0-3.5, as appears to be a basis of the Section 103 rejection. Moreover, the 
disclosure of a polyimide with a dielectric constant of 3.5 in D2 does not necessarily 
demonstrate that the polyimide of D1 has a dielectric constant in the range of 3.0-3.5. 

The Federal Circuit has explained in In re Rijckaert, 28 USPQ2d 1955, 1957 

(Fed. Cir. 1993), for example, the following with regard to inherency and obviousness: 

The mere fact that a certain thing may result from a given set 
of circumstances is not sufficient [to establish inherency.]" In 
re Oelrich, 666 F.2d 578, 581-82, 212 USPQ 323, 326 
(CCPA 1981) (citations omitted) (emphasis added). "That 
which may be inherent is not necessarily known. 
Obviousness cannot be predicated on what is unknown." In 
re Spormann, 363 F.2d 444, 448, 150 USPQ 449, 452 
(CCPA 1966). Such a retrospective view of inherency is not 
a substitute for some teaching or suggestion supporting an 
obviousness rejection. See In re Newell, 891 F.2d 899, 901, 
13 USPQ2d 1248, 1250 (Fed.Cir. 1989). 

The fact that resins of D1 may have a dielectric constant in the range of a 
component of the claimed invention is not sufficient to establish inherency. Moreover, 
the fact that the resins of D1 may have a dielectric constant in the range of the claimed 
invention indicates that the dielectric constants of the resins of D1 are not necessarily 
known and, as noted above, obviousness cannot be predicated on what is unknown. 

The dielectric constant of a resin of D1 does not necessarily flow from the 
disclosure of D1 . The Examiner is requested to appreciate in this regard that the fact 



-27- 



1788439 



SHIMADA et al 
Appl. No. 10/771,263 
Atty. Ret: 829-620 
Amendment 
April 22, 2011 

that D1 may teach an acrylic resin or a polyimide resin, combined with the existence of 
resins having a dielectric constant in the required range, is not sufficient to establish a 
prima facie case of obviousness as the Examiner has failed to establish that all acrylic 
resins or polyimide resins of D1 necessarily meet the requirements of the claims or that 
it would have been obvious to have specifically selected the claimed resins, of all the 
virtually infinitely possible resins, with the other aspects required by the claimed 
invention, to have made the claimed invention. 

Withdrawal of the Section 103 rejection of claims 34, 35, 43, 44, 52 and 53 over 
D1, D2 and D3 is requested. 

While not believed to be required as the Examiner has failed to establish a prima 
facie case of obviousness, the applicants have previously submitted evidence that 
acrylic resins may have a wide range of dielectric constants. 

Specifically, the applicants have cited US Patent 5,076,963 to Kameyama et al 
which describes certain acrylic resins as having a dielectric constant of values of 10 or 
greater . Col. 4, lines 18 of US Patent 5,076,963 to Kameyama is noted which lists 
numerous acrylic compounds and which further states that such compounds have "a 
high dielectric constant of not less than 10". See, also, col. 7, lines 3 - 5, col. 8, 
Example 1, and col. 10, example 8. Kameyama Example 1 describes an insulator layer 
of acrylate with a dielectric constant of 30. 

Claims 34, 35, 43, 44, 52 and 53 are patentable over the combined teachings of 
D1, D2 and D3 and withdrawal of the Section 103 rejection based on same is 
requested. 



-28- 



1788439 



SHIMADA et al 
Appl. No. 10/771,263 
Atty. Ret: 829-620 
Amendment 
April 22, 2011 

The Section 103 rejection of claims 34, 35, 37-39, 43, 44, 46-48, 52, 53 and 55- 
57 over D1 , D4, and D5 is traversed. Reconsideration and withdrawal of the rejection 
are requested in view of the above and the following distinguishing comments. 

The deficiencies of D1 noted above with regard to claims 34, 35, 43, 44, 52 and 
53 are not cured by secondary references D4 and D5. Claims 37-39 are dependent 
from claim 34, claims 46-48 are dependent from claim 43 and claims 55-57 are 
dependent from claim 52. 

The rejected claims define a liquid crystal display device (claims 34, 35, 37-39, 
43, 44 and 46-48) requiring, among other things, a photosensitive resin having a 
dielectric constant of about 3.4-3.5; and a method of forming a liquid crystal display 
device requiring, among other things, providing a photo-imageable insulating layer 
having a dielectric constant in a range of from about 3.4 to about 3.8. 

As noted above, D1 fails to describe a photosensitive resin having a dielectric 
constant of the claimed invention. As noted above, the Examiner relies on D1 for an 
alleged teaching of an acrylic resin or a polyimide resin "planarization layer" or 
"planarization film 1784". See page 6 of the Office Action dated October 22, 2010. 

D4 is cited by the Examiner to 

"show the scientific fact that the acrylic resin (metha 
methacrylate) used to make the insulator in Noda et al [D1] 
has a dielectric constant property of 3.0-3.5 which are 
overlapping ranges of the claims ranges 3.4-3.5." See 
pages 8-9 of the Office Action date October 22, 201 0. 
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For the reasons noted above with regard to the rejection based on the 
combination of D1 , D2 and D3, the applicants submit, with due respect, that the 
existence of an acrylic resin with a specific dielectric constant, such as may be 
described by D4, would not have made it obvious to have made the claimed invention 
and the existence of the resin does not demonstrate that the a resin of D1 is necessarily 
a resin having the characteristics of the secondary reference. 

D4 may describe a dielectric constant range for an acrylic resin however the 
applicants have demonstrated that acrylic resins also exist that have dielectric constants 
outside the range described by D4. There is nothing the combination of cited art that 
would have led one of ordinary skill in the art to have made the claimed invention or to 
have believed that an acrylic resin of D1 is any more an acrylic resin of D4 as compared 
to any other acrylic resin. 

Beyond the disclosure of US Patent 5,076,963, discussed above, the applicants 
submit the following excerpt from www.asiinstr.com , indicating that the dielectric 
constant of acrylic resins can range from 2.7-4.5: 
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Also attached is a copy of Park et al ("Studies on poly(methyl methacrylate) 
dielectric layer for field effect transistor: Influence of polymer tacticity", Thin Solid Films 
515 (2007) 4041-4044) wherein the diaelectric constant of PMMA resins was at least 
dependent on tacticity and heat treatment (ranging from 2.5-3.0. 

One of ordinary skill would not reasonably expect from the cited art that the 
acrylic resin of D1 has a dielectric constant range of a resin of D4. One of ordinary skill 
would not have been motivated by the cited combination of art to have made the 
claimed invention, requiring the recited photo-imageable insulating layer. 

The applicants note that the Examiner has asserted that the "planarization layer" 
of D1 corresponds to an insulating layer of the claimed invention. The applicants submit 
however that the planarization layers (11 and 1784) of D1 are not described in D1 as an 
insulator. Rather, the applicants believe that the insulation effect in D1 is accomplished 
by two other layers. Specifically, in Figure 1 of D1 the insulation layers are layers 5 and 
8 1 . In Figure 17 of D1 describes insulation layers 1778 and 1781. One of ordinary skill 
will appreciate that both the planarization films 11 and 1784, in Figures 1 and 17, 
respectively, are formed on top of two insulating layers, namely the first insulating film 5, 
1778 (respectively in D1 Figure 1 and D1 Figure 17) and the second insulating film 8, 
1781 (respectively in D1 Figure 1 and D1 Figure 17). D1 teaches therefore insulating 
films that are separate from the planarization film 11, 1784 relied upon by the present 
Examiner as allegedly corresponding to the insulating layer of the claimed invention. 

1 The two insulating films 5 and 8 are formed from, for example a glass 
doped with phosphorous, and are totally different from the claimed interlayer 
insulating film. 
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Withdrawal of the Section 103 rejection of claims 34, 35, 37-39, 43, 44, 46-48, 
52, 53 and 55-57 over D1 , D4, and D5 is requested. 

The Section 103 rejection of claims 40, 41, 49, 50, 58 and 59 over D1, D4, D5 
and D7 is traversed. Reconsideration and withdrawal of the rejection are requested in 
view of the above and the following further comments. 

Claims 40 and 41 are dependent from claim 34, claims 49 and 50 are dependent 

from claim 43 and claims 58 and 59 are dependent from claim 52. The Examiner relies 

on D7 for an alleged teaching of 

"a contact layer made of amorphous silicon (17a, 17b) over 
the semiconducting layer (15)." See page 12 of the Office 
Action dated October 22, 2010. 

D7 fails to cure the above noted deficiencies of the combination of D1 , D4 and 
D5. The rejected claims, which all define over the combination of D1 , D4 and D5 for 
reasons that are not cured by D7, would not have been obvious in view of the cited 
combination of D1 , D4, D5 and D7. Withdrawal of the Section 103 rejection of claims 
40, 41 , 49, 50, 58 and 59 over D1 , D4, D5 and D7 is requested. 

The Section 103 rejection of claims 36, 45, 54 and 60 over D1, D4, D5 and D8 is 
traversed. Reconsideration and withdrawal of the rejection are requested in view of the 
above and the following further comments. 

The Examiner relies on D8 as a disclosure of a 

"pixel aperture is at least 80% to improve the efficiency of 
the utilized light." See page 13 of the Office Action dated 
October 22, 2010. 
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Claim 36 is dependent from claim 34, claim 45 is dependent from claim 43 and 
claims 54 and 60 are dependent from claim 52. 

D8 fails to cure the above noted deficiencies of the combination of D1 , D4 and 
D5. The rejected claims, which all define over the combination of D1 , D4 and D5 for 
reasons that are not cured by D8, would not have been obvious in view of the cited 
combination of D1 , D4, D5 and D8. Withdrawal of the Section 103 rejection of claims 
36, 45, 54 and 60 over D1 , D4, D5 and D8 is requested. 

The Section 103 rejection of claims 42 and 51 over D1 , D4, D5 and D9 is 
traversed. Reconsideration and withdrawal of the rejection are requested in view of the 
above and the following further comments. 

Claim 42 is dependent from claim 34 and claim 51 is dependent from claim 43. 

D9 fails to cure the above noted deficiencies of the combination of D1 , D4 and 
D5. The rejected claims, which all define over the combination of D1 , D4 and D5 for 
reasons that are not cured by D9, would not have been obvious in view of the cited 
combination of D1 , D4, D5 and D9. Withdrawal of the Section 1 03 rejection of claims 
42 and 51 over D1 , D4, D5 and D9 is requested. 

The claims are submitted to be in condition for allowance and a Notice to that 
effect is requested. The Examiner is requested to contact the undersigned, preferably 
by telephone, in the event anything further is required. 
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Respectfully submitted, 
NIXON & VANDERHYE P.C. 



By: IB. J. Sadoff/ 

B. J. Sadoff 
Reg. No. 36,663 

BJS: 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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Abstract 

Electrical properties of three kinds ofpolyimethyl methacrylate) (PMMA) with different tacticity, i.e. isotacttc(i), syndiolactic(j), and ataticM, 
were investigated for the application in field effect transistor. Metal-insulator-silicon structures were fabricated via spin coating PMMA on heavily 
doped p-type silicon (p"'-Si) followed by evaporating gold electrode. The electrical characteristics were remarkably improved by heat-treatment at 
temperatures 40 K above glass transition temperatures of PMMA s. Among the three PMMA isomers, i-PMMA was observed to possess the highest 
dielectric strength (1.1 MV/cm) with the lowest leakage current density, but also the lowest dielectric constant (4=2.5). Top-contact thin film 
transistors fabricated with the configuration of NiO,/pentacene/t-PMMA/p'*-Si, where the NiO, being used as a source/drain electrode, displayed 
relatively a decent field effect mobility of 0.042 cm 2 /V-s which is not that low with such a low dielectric capacitor as thick i-PMMA film. 
€3 2006 Elsevier B.V. All rights reserved. 

Keywords: Gate insulator; Tacticity; Field effect transistor; PoJy(methyl methacrylate); Organic field effect transistor; Electrical properties and measurements 



1, Introduction 

Organic thin film transistors (OTFT) have attracted attentions 
due to their apparent advantages over inorganic thin film tran- 
sistors in terms of mechanical flexibility, light weight, and low 
processing cost [1], OTFT manufactured using pentacene as 
channel layer has been acknowledged as one of the most prom- 
ising examples and the performance has been remarkably im- 
proved for the last decade 12,3], Although the characteristic 
properties of pentacene TFTs such as field effect mobility, on/off 
current ratio, and threshold voltage were reported to be compa- 
rable to those of amorphous Si TFTs, there has not been enough 
progress on organic dielectric materials suitable for reliable 
OTFT [4,5], Polymeric materials used for gate dielectric have 
been limited to poly(methyl methacrylate) (PMMA), poly-4- 



* Corresponding author. Present address; Department of Applied Science, 
Hongik University, Mapo-ku, Sangsoo-dong 72-1, Seoul 121-791, Republic of 
Korea. 

E-mail address; ckim@hongik.lc.lif (E. Kim). 

0040-6090/$ - see front matter © 2006 Elsevier B.V. All rights reserved. 
doi;10. lOlS.'j. lsf.2 006. 10.121 



vinylphenol, and polyimides in most of studies [4-8], and there 
still remains large room for improving their properties. 

PMMA is categorized into three species with respect to its 
tacticity, i.e. isotactic(i-), sydiotactic(s-), and atatic(a-), de- 
pending on the way that pendant methacrylate groups are 
arranged along the backbone chain of a polymer (Fig. 1), which 
led to different tertiary structures. Among three PMMAs only 
ii-PMMA has been used as dielectric materials, and electrical 
characteristics of thin films made of other isomers have not 
been reported. We here begin with measuring dielectric 
strength and capacitance (dielectric constant) of thin films 
made of various PMMAs as cast and annealed above glass 
transition temperatures (r g ). Heat-treatment would facilitate the 
rearrangement of the polymer chains, which reduces the vacant 
volume present within the amorphous chains and helps chains 
to be packed close to each other [S)j. It was observed that 
electrical properties of i-PMMA, were superior to other PMMA 
isomers and these could be greatly improved by the heat- 
treatment. Secondly, top-contact thin film transistors with the 
configuration of NiO^/pentacene/i-PMMA/p 1 -Si, where NiO a . 
was used as a source and drain electrodes and heavily doped 
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j-PMMA s-PMMA a-PMMA 

(random arrangement) 

Fig. 1 Repealing imil of PMMA polymer and the schematic views of PMMAs 
with different tacticity isotaetic, syndiotactic and atatie PMMA, respectively. 
Shaded circles represent metrtacrylate groups. 

p-type silicon(p^-Si) was used as gate electrode, were fabri- 
cated. NiO, was chosen since it has recently been shown to be 
a promising electrode material for pentacene-based transparent 
TFTs due to its good sheet resistance <~60 fliQ) and work 
function that was well matched to that of pentacene j 10]. 

2. Experimental details 

i-PMMA and j-PMMA were purchased from Polyscience, 
and «-PMMA were from Pressure Chemical, and were used 
without further purification. The characteristics of these 
molecules are listed in Table !. Each PMMA was dissolved 
into anisole solvent and then stirred over 6 h. The PMMA 
gate dielectric layers were deposited on p 4 -Si substrate 
(0.01-0,02 CI cm) by spin coating from solutions at appro- 
priate concentrations. (6.3 wt.%, 13 wt.%, and 10.5 wt.% for 
(-PMMA, ,?-PM.MA, and a-PMMA, respectively) The solu- 
tions were spun at 3000 rpm for 40 s to form uniform films. 
Prior to spin coating, the substrates were ulirasonically 
cleaned in chloroform, methanol, and de-ionized water in that 
order. The wafers were then dipped into buffered oxide et- 
chant (HF;H 2 0= 1:6) to remove native oxide. Thicknesses of 
the films were determined to be -640 nm by surface pro- 
fllometry. To study the effect of heat-treatment, half of 
PMMA thin films were heat-treated at temperatures 40 K 
above T t (100 °C, 1 70 °C and 1 60 °C for /-PMMA, j-PMMA, 
and ij-PMMA, respectively) for 1 h in vacuum oven and the 
others were dried in vacuum desiccator. A 1 h annealing time 
was chosen to allow enough time for the polymer to relax to 
the equilibrium and to avoid possible degradation of the films 
during excessively long annealing. It was verified that larger 
annealing time did not change the thickness of the film any 
further. Gold electrode was then evaporated on the PMMA 
films at a base pressure of about 7 * 1 0"" 4 Pa for the measure- 



Table 1 



Molecular characteristics of PMMAs 





% Tacticity 


Number average 


Polydispersity 


Glass transition 






molecular weights 


indices 


temperature 






(Mn) 


(Mw.MrO 


CQ 


j-PMMA 


98 


118,000 


1.32 


60 


j-PMMA 


>75> 


133,000 


1.16 


130 


a-PMMA 


n.a. 


160,000 


1.06 


120 



% Tacticity of a-PMMA is not available. 




Electric Field (MV/cm) 



Fig. 1. Current density-electric field characteristics of PMMA with different 
tacticity: (a) without beat-treatment, and (b) after heat-treatment at T- 2^+40 K 
for 1 h. Schematic view inside shows our MIS structure for J-E measurements. 

ment of dielectric strength and capacitance. Inset of Fig. 2(a) 
shows the schematic of our metal-insulator-semiconductor 
(MIS) structure prepared for the measurements of current 
density-electric field (J-E) and capacitance-frequency (C-f) 
characteristics. 

For TFT device fabrication (inset in Fig. 4), channels and 
source/drain electrodes were sequentially patterned on PMMA 
film through shadow masks at room temperature by thermal 
evaporation in vacuum chamber where base pressure was 
1.3 x 10" 4 Pa. The thermal deposition rale was fixed to 1 A/s for 
the evaporation of pentacene (Aldrich Chem. Co., -99% 
purity) and to 30 A/s for the evaporation of NiO powder 
(99.97% purity) [10]. The thicknesses of pentacene and NiO, 
films were 50 and 1 00 nm, respectively, as monitored by a quartz 
crystal oscillator and confirmed by ellipsometry. The nominal 
channel length and width were 90 and 500 urn, respectively. 

All current-voltage (I-V) relations for MIS and OTFT struc- 
tures were performed using semiconductor parameter analyzer 
(Agilent 4155C). I-V characteristics for MIS structures were 
converted into J-E relation after taking the thickness of 
dielectric layer into account. The C-f measurements were also 
made with impedance analyzer (HP 4 1 92 A) in the dark. All the 
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Table 2 

Dielectric properties and thicknesses of PMMA films with different tacticity 





Film thickness 


Dielectric strength 


Capacitance 


Dielectric 




(ran): 


(MV/cm) 


(nF/cm 2 ) 


constant 


i-PMMA 


570 (640) 


1,1 


3.9 (4.0) 


2.5 (2.9) 


j-PMMA 


600 (640) 


0.6 


4.3 (4.1) 


2.9 (3.0) 


a-PMMA 


600 (640) 


0.3 


4.1 (4,1) 


2.S (3.0) 



The values in parenthesis are the ones obtained without heat-treatment. 
Dielectric strength defined as the electric field where cuirent density begins to 
exceed 2* 10"* A/cm 2 . 



measurements were carried out in air ambient and room tem- 
perature conditions. 

3. Results and discussions 

Fig. 2 exhibits the J-E characteristics of PMMAs with 
different tacticity, before and after heat-treatment. After spin 
coating, the polymer molecules exist, in nonequilibrium con- 
formation extended toward the surface and radial direction of 
spinning, and surplus free volume should also be left over due to 
abrupt evaporation of solvent. While polymer molecules are not 
mobile enough for conformational transitions below T t , heat- 
treatment above T t facilitates relaxation toward equilibrium 
conformation to fill up that free volume [91. Thickness reduction 
of about 6% for s-PMMA and a-PMMA films, and 11% for 
j-PMMA were observed (Table ?.). Larger volume reduction 
in case of i-PMMA is attributed to the better packing of polymer 
chains associated with crystallization 1 1 1 1. Because the electric 
field in voids is higher than the average field in the dielectric 
film, the dielectric strength of the PMMA films with some 
residual voids is expected to be less than that of the continuous 
solid films without voids. As shown in fig. 2(a) and (b), PMMAs 
without heat-treatment, show leakage current that is too high to 
be used for dielectric in TFT while with the treatment signif- 
icantly improved J-E characteristics were achieved. Dielectric 
strength defined as the electric field where current density begins 
to exceed 2 x 1 0" 6 A/cm 2 were listed in Table 2 . Among the three 





-■-a-PMMA 




-»-s-PMMA 




— • -i-PMMA(100 °C) 




-•-i-PMMA(165 *CJ 











200.0k 400.0k 600.0ft 800.0k t.0M 

Frequency (Hz) 

Fig, 3. Capacitance -frequency characteristics of PMMA with different tacticit 
after heat-treatment at T- 7",+ 40 K for 1 h. The data for j-PMMA annealed a 

165 "C for 1 h are also shown 
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Fig. 4. Drain current-drain voltage characteristics of NiO v (100 nm)/pentacene 
(50 nm)/j-PMMA(570 nm, heat-treated)/heaviiy doped p*-Si transistor devices. 

PMMAs, i-PMMA appeared to have the most superior J -E 
characteristics. 

Fig. .1 displays the C-f characteristics of PMMA films after 
heat-treatment. The capacitance data hardly varied with fre- 
quency, while relatively unstable capacitance patterns were 
observed for the films without heat-treatment, which reflect that 
the presence of more free volume facilitates various dielectric 
relaxations [121. Given the capacitance (measured at 1 MHz), 
film thickness, and electrode area, we calculated dielectric 
constant as also summarized in Table 2. According to the table, 
dielectric constant becomes smaller after heat-treatment, and 
particularly significant reduction (from 2.9 to 2,5) was observed 
in the dielectric constant of i-PMMA. It is likely that the com- 
pact packing of molecules, due to the heat-treatment, may 
hinder the chain rotation of ester groups that are responsible 
for dipole moment to be aligned under the applied bias. We 
also annealed i-PMMA at 165 °C which is above melting point 
of i-PMMA. In this case, the thickness of i-PMMA film was 
maintained to be almost identical to that of i-PMMA film that 
was annealed at r=r g +40 K. We have also measured the 
contact angle of the droplets of de-ionized water on ail PMMA 
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films. Regardless of tacticity and heat-treatment, an identical 
contact angle close to 65° was observed, which means that the 
surface energy difference among all the PMMAs is not 
conceivable. 

Figs. 4 and 5 demonstrate the drain current-drain voltage (/ D - 
V D ) and the drain current-trie gate voltage (/d-*g) curves, 
respectively, for our TFT device that consists of NiO,(T00 nm)/ 
pentacene(50 nm)//-PMMA(570 nm, heat-treated)/p"-Si. "We 
selected only i-PMMA as the TFT dielectric layer because of its 
low leakage current (as demonstrated in Fig 2(b)). The results 
obtained using conventional cv-PMMA can be found elsewhere 
[13.14]. Well-saturated output characteristics with increasing 
drain voltage were observed in Fig. 4. According to v'/ D - Vc, cmve 
of Fig. 5, threshold voltage was observed al -10 V which is 
significantly smaller than the values reported elsewhere (- 1 5 V 
[1 3] and - 27,5 V [ 1 4 ], ) for pentacene TFTs using o-PMMA and 
Au as gate dielectric and source/drain electrode, respectively. This 
means that carrier trapping at the interfaces between pentacene 
and heat-treated i-PMMA layer in our device is more or less 
restricted [14], Field effect mobility could be extracted from 
square root of absolute values of drain current versus gate voltage 
curve. Our TFT exhibited mobility of 0,042 cm 2 /V-s which is 
larger than or comparable to the values reported elsewhere 
[13,1.4]. As charge carrier transport occurs within a few 
monolayer of pentacene layer, the difference in microstructure 
at the interface between i-PMMA dielectric and pentacene might 
have influenced the hole transport [13]. The current modulation 
(AnAifr) was ' ess tiian 'O 3 urider a drain saturation condition of 
K D =-30 V, which is due to the large leakage current. Further 
improvement would be needed for i-PMMA to be utilized for 
high performance organic transistor. The experimental results 
reported hitherto show that i-PMMA possesses the interesting 
dielectric properties and is judged to be useful candidate as gale 
insulator material for organic TFT. 

4. Conclusions 

We have investigated the electrical properties of three kinds 
of PMMA with different tacticity for the application in field 
effect transistor. As heat-treatment of PMMAs at r=T g +40 K. 
greatly improved dielectric characteristics, among the three 



PMMAs isomers, i-PMMA displayed the highest dielectric 
strength (1.1 MV/cm) with the lowest leakage current density 
but also the lowest dielectric constant (4=2,5). We fabricated 
pentacene-based TFT that consists of thermally evaporated 
NiOj,, spin-coated and then heat-treated i-PMMA, and p + -Si for 
the source-drain electrodes, gate dielectric, and gate electrode, 
respectively. Our TFT exhibited a field effect mobility as large as 
0.042 cm 2 /Vs which is not that low with such a low dielectric 
capacitor as 570 nm-thick i-PMMA film. Low threshold voltage 
of - 10 V were also observed. We conclude that i-PMMA among 
three isomers showed the best dielectric properties and may be a 
promising gate insulator for pentacene TFT. 
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